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A Bethod of str^ngthanlng oxldatlvaly blMched kraft 
pulps (including racyclad pulpa) Im taught vharain tha pulp 
ia traatad with hydroaulf ita, fonaaldina aulflnic acid or 
a aalactad aulfoxylata at apaclfiad pB, taaparatura arvl 
ratantlon tlnaa. Purthar atrangthaning la obtalnad by thu 
addition of a aalactad quatamary anonlua cospound or 
alXoxylatad aaina. 
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BLEACHING OP KRAFT PULP WITH HYDROSULPITE 

B^cKground of thg Invention 

ZTiia invention concerns a aathod for Increasing the 
physical strength of oxidatively bleached )cxaft pulp 
including pulp baing recyclad, 

Thara are several ways in which wood coaposad of 
lignin^ cellulose, heaicellulosa and extractivaa is 
processed into pulp for the purpose of saXing paper. These 
methods include mechanical techniques and cheaical 
techniques. The )craft pulping process, also )cnovn as the 
sulfate pulping process, is one of the two al)caline 
chemical pulping processes used for pulp. The kxaft 
process utilizes sodium hydroxide and sodium sulfide to 
chemically remove a majority of the lignin froa the 
cellulose and hemicellulose . As a consequence, however, 
some of the cellulose and hemicellulose are also removed by 
this process of lignin removal. A typical )craft cook 
removes 80% of the lignin, 501 of the hemicellulose, 10% of 
the cellulose and 90% of the wood extractives (fats and 
resins). Delignif ication in )cxaft pulping is driven by the 
concentration of the hydroxyl anion (OH). The sodium 
sulfide reacts with water to produce sodium hydroxide and 
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sodiuB bisulfite. The presence of the bisulfite suppresses 
condensation reaction of quinone methides and enhances the 
clcivage of the phenolic ether bonds. 

A major concern for al". processes involved in 
converting wood to pulp, especially in kxaft techniques, is 
the effect of the pulping process on the physical strength 
of the pulp, especially the cellulose component. The 
physical strength of paper is related to the strength of 
the pulp froB vhich the paper is made aixl to the degree of 
inter fiber hydrogen bonding present in the finished paper. 
Of the three major pulp components (lignin, hemicellulose 
and cellulose), the cellulose fibers are the most critical 
to pulp strength. 

In the area of )ura Ct pulps strength is of pairticular 
importance because )craft pulps are used in applications 
such as packaging materials and bags where strength is an 
important consideration. The severe conditions of 
papermaking and printing make it advisable to keep or 
increase the pulp strength as much as possible so that the 
end products are of good quality. 

With respect to processing Jeraft pulp, one of the 
steps is bleaching. Oxidative bleaching stages such as 
chlorine, chlorine dioxide, sodium hypochlorite, hydrogen 
peroxide, oxygen and ozone must b« carefully controlled to 
ainiiaize the effect of bleachinc chemicals on the cellulose 
component of the pulp. Most of these bleaching agents 
cause at least soae deterioration of pulp strength. In 
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addition, chlorine and chlorine dioxide are not favored 
environfflentall/. The use of ozone may cause »ore 
deterioration in pulp strength than chlorine conpounds. 

There have been some attempts to find environmentally 
5 acceptable alternatives to chlorine and chlorine dioxide 
for bleaching )traft pulp. R. F. Bradley, "Pulp Bleaching 
Agents and Technologies Substituting for Chlorine at Morth 
American Pulp Mills", chaslcal Industries Nevsletter, 
September-October 1991, pages 1, and 3-5, discusses work 

10 with oxygen, nitrogen dioxide, ozone, and sodium 
hydrosulfite as well as other chlorine containing 
compounds. N. Liebergott et al, "Lowering AOX Levels in 
the Bleach Plant", TAPPI Proceedings - — mi — Eulfiins 
conference , pages 123-133, lists oxygen, peroxide, ozone, 

15 peracetic acid, hydrosulfite, chelating agents and thiourea 
dioxide as alternatives to bleaching with chlorine- 
containing compounds. N. Liebergott et al, "Bleaching a 
Softwood Kraft Pulp Without Chlorine Compounds", TAPP I 
Journal - AUT'»^ 1984 . pages 76-80, discusses bleaching 

20 usiiig sequential stages Including the use of sodium 
hydrosulfite as the final bleaching stage of a fully 
delignifled chemical )uraft pulp. None of these references, 
however, discusses a method for bleaching )cxaft pulp while 
increasing strength. 

25 Thus, it is an object of this Invention to provide a 

method of treating oxidatively bleached Xraft pulp 
including wood pulp and pulp from recycled sources with a 
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meBb«r selected from the 9roup consisting of hydroaulf ite, 
formaaidine sulfinic acid (FAS), and a sulfoxylate (such as 
sodiua formaldehyde sulfoxylate, zinc formaldehyde 
sulfoxylate and acetaldehyde sulfoxylate), which method 
increases the strength of the pulp while still maintaining 
or improving brightness. It is a further object of this 
invention to provide a method for bleaching )traft pulp 
which reduces the need for using chlorine containing 
compounds in the bleaching process. These and other 
objects of this invention will be apparent from the 
description of the invention. 

Summary of the Invention 

The method of this invention may be practiced on a 
variety of oxidatively bleached pulps, but is especially 
useful on elemental chlorine free (ECP) and totally 
chlorine free (TCP) )craft pulps. In its broadest aspect, 
the method of this invention may be practiced by adding 
from .1 - 3.0% by weight (based on the oven-dried weight of 
the pulp) of a treating agent selected from the group 
consisting of hydrosulf ite, (such as zinc hydrosulfite or 
sodium hydrosulfite) formamidine sulfinic acid (PAS), and 
a sulfoxylate (such as sodium formaldehyde sulfoxylate, 
zinc formaldehyde sulfoxylate and acetaldehyde sulfoxylate) 
to the pulp as a final stage (except for washing) using 
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s«I«cted pH, temperature and retention times. Sodius 
hydrosulfite is preferred, especially for environmental 
reasons . 

The addition of the treating agent is preferably done 
5 as a solution of the treating agent and may be done by any 
suitable method such as is practiced by those skilled in 
the art* The pH of the pulp Is maintained between 4.5 and 
13 and the temperature of the pulp is maintained betveen 50 
and 100 degrees C. The retention time is from 30 minutes 
10 to 6 hours. 

In a further refinement of this invention, additional 
strength enhancement may be achieved by adding a selected 
quatemairy ammonium compound or alkoxylated uine to the 
pulp solution at any time during the chemical processing of 
15 the pulp. 

Detailed Desc ription of the Invention and Description Qf 
the Preferre<| Fmb^^fffnt 

20 The present invention provides a method for increasing 

the physical strength of oxidatively bleached wood pulp 
which has been made using kraft processes. The method 
comprises treating the pulp as a final stage with a member 
selected from the group consisting of hydrosulfite, 

25 formamldine sulfinlc acid (FAS), and a sulfoxylate (such as 
sodium formaldehyde sulfoxylate, zinc formaldehyde 
sulfoxylate and acetaldehyde sulfoxylate) . A hydrosulfite 
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is prsf«rr*d, such as ons salsctsd froa ths group 
consisting of sodium hydros^^fits and zinc hydrosulfite 
(especially sodiun hydrosulfite). For the treating agent, 
a level of .1 - 3.0% of addition baaed on the oven-dried 
5 weight of the pulp is used, and the solution containing 
pulp and treating agent should torn processed, at a 
temperature of 50 - 100 degrees C, a pH of 4.5 - 13, and 
most conveniently for a retention time of .5 - 6 hours. 
Ths treating agent Is preferably us^d in the form of a 

10 solution added to ths pulp slurry. Improvements in 
strength as measured by tensile tests shov Increases over 
9.0% and more particularly in the range of 9.9 to 30.2%. 
Improvements in strength as measured by tear tests shov 
increases over 25% and more particularly in the range of 

15 27.1 - 39.5%. 

If hydrosulfite is used the general conditions edx^ve 
apply. However, for sodium hydrosulfite (SKS) further 
refinements of the invention are as follows: minimum 
requirements are an addition level of .1 - .5% for SHS, pH 

20 " 4.5 -* 6, temperature - 50 - 60 dc^grees C, and a retention 
tims • .5 - 1 hour. Better results with SHS nay be 
obtain#d with .5 - 1.5% SHS, pH - 6.0 - 8-0, temperature - 
70 - 80 degrees C, and a retention time - 1 2 hours. 
Preferred conditions for use of SHS are 1.5 - 3% SHS, pH - 

25 7 - 9, temperature - 80 - 95 degrees C, and a retention 
ti»e -2-4 hours. 



-6- 



DC-1291 

If FAS Is used as the treating agent the percent of 
addition is from .1 - 3.u% based on the oven-dried weight 
of the pulp, but it is preferred that the pH is selected to 
be from 5.5 - 13.0, the retention time is selected to be 
5 from 30 minutes - 4 hours, and the temperature is selected 
to be 60 - 100 degrees C, 

If sulfoxylates are used, the percent addition is from 
.1 - 3.0% based on the oven--dried weight of the pulp, but 
it is preferred that the pH is selected to be 4.5 - 13.0, 
10 the retention time is selected to be 30 minutes - 6 hours, 
and the temperature is selected to be 55 - 100 degrees C. 

In more particular terms, the process parameters will 
also vary according to the type of pulp that is being used. 
In the case of TCF )craft pulp to be treated with 
15 hydrosulf ite, it is preferred that the pH be maintained 
between 6.5 and 8.5, the temperature of the pulp be between 
80 and 95 degrees C. , the dosage of hydrosulf ite be between 
.5 and 1.5 %, and the retention time be between 1 and 4 
hours. 

20 In the case of recycled, oxidatively bleached, )craft 

color ledger, it is preferred that the pH be maintained 
between 6.5 and 8.5, the temperature of the pulp be between 
65.0 and 85.0 degrees C, the dosage of hydrosulf ite be 
between .5 and 1%, and the retention time be between .5 and 

25 1.5 hours. 
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Whila th^rm arm a number of ways in which to practice 
this invention in the context of a multistage treatment 
sequence, it is critical that the hydrosulf ite stage be the 
final chemical treatment (not counting water washes) . 

The solution containing pulp and treating agent may 
also contain one or more of the following: a chelate such 
as ethylenediaminetetracetic acid (EDTA) , sodium 
trlpolyphosphate (STPP) , diethylenetriaminep«ntacetic acid 
(DTPA) , K- (hydroxymethyl) -ethylenedlamlnetriacetlc acid 
(HEDTA) , triethanolamine (TEA) , nitrilotriacetic acid 
(NTA) ; a phosphonic acid chelate such as diethylmnetri- 
aminepenta(methylenephosphonic) acid (DTPKP) ; an al)cali 
such as sodium hydroxide, sodium carbonate or calcium 
hydroxide; and a quaternary ammonium compound or 
alkoxylated eimine as described bslow« 

In a particular refinement of this invention, a )craft 
pulp treated by at least one oxidative step (for example 
ozone, oxygen or hydrogen peroxide) is treated with a 
member selected from the group consisting of 

(I) a quaternary ammonium compound selected from the 
group consisting of 
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(a) compounds of Fonula I: 



Fornula I 



10 



vh«r«ln: 



on« of R\ R*, and R* la salactad from tha group 
conalatlng of c,^-C^ alkyl and C^^-C^ alXanyl, vharaln tha 
15 al)cyl or alJcanyl optionally contains ona to threa 
aubstituants salactad from mathyl and athyl (aspecially 
mathyl) ; 

tha ramaining R groups ara aach indapsndantly salactad 
from tha group consisting of C^-C^ straight chain al)cyl, 
20 -{CjH^O)p! and -(0^0)^ vhara x - a numbar from 1 to 4 
inclusiva; 

Z is salactad from tha group consisting of nitrogen 
and phosphorous, preferably nitrogen; and 
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X' is s«l«ctttd froB the group consisting of any 
suitabls and convenient anion (for exaaple, X is selected 
from the group consisting of CO, ', HCO, \ PO4 HPO^ 

H,PO/\ OH ', ? Br ', CI ', I ', HSO, ', HSO/', SO, ', SO, », 

SjO, CH,CO, ' and CH5SO4 ') ; 



(b) coBpounds of Fonula II vh«r«in: 



wherein 



Formula II 



two of R^, R*^ and R** ar# s^l^cted independently 

from the group consisting of Cg-C^, straight chain alkyl and 
20 Cg-C„ alkenyl, wherein the al)cyl or alkenyl optionally 
contains one to three substituents selected from methyl and 
ethyl (especially methyl) ; 

the remaining R groups are each independently selected 
from the group consisting of C,-C^ straight chain alkyl and 
25 -(C^^O)^ and -(C^H^O)^ where x - a number from 1 to 4 
inclusive ; and 

Z has the same meaning as defined under Formula I. 
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(c) coBpcunds of Fonula III: 



HSO4 



Porvula III 



10 



wh«r« In : 



R», R*, r' and R* »rm •ach indapand-sntly aal^ctad fro« 
th« 9roup consisting of C,-c«; and 

Z has ths SAM Maninq as dsfinsd for ronula I; 
(d) a pyridiniuB salt of Ponula rv: 



20 




ronula IV 



25 

wherein: 
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R** is 8«l«ct«d fro» th« group consisting of 
alkyl and C,«-C„ alksnyl, vhsrsin ths alkyl or alksnyl 
optionally contains ons to thrss substitusnts sslsctsd fro« 
■•thyl and sthyl (ssp^cially ssthyl); 

^* rsMlnlng R groups ars sach indspsndsntly sslsctsd 
fro* ths group consisting of hydrogsn, C,-C, straight chain 
alkyl; and 

X- has ths SAM asanlng as dsscribsd in fomula I; 
(•) coapounds of Foraula V: 



R^-0-CH,-CH,-CH,-|r-R» 



Ponula V 



vharaln: 



R is Mlactad fro» thm group consisting of C,-C,^ 
alkyl and C,-C,^ aDcenyi, wh«r3 thm alkyl and alkanyl 
optionally (but not prafarably) hava ona to threa 
•ubatituanta aalactad from aathyl and athyl (aspacially 
aathyl) ; and 

aach of R^, and ara indapandantly salactad froa 

tha group consisting of z,-C, alkyl, C,-C, alkanyl, 
(CH^-CHj-O)^ and (ai,-CH,-Oi,HD) ^ vhara n - a nunbar froa 1 
to 4 inclusiva; 
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and 

(II) an alkoxylated aoino selactad fro» athoxylatad 
amines of Fonula VI and propoxylatad anines of Poraula 
VII: 



Porsula VI 




R-N 

(C,H.O)^ 




Poraula VII 

wharaln !• a meabar of tha group conaisting of straight 
chain alkyla having 8 to 22 carbons, optionally having ona 
to thraa substituants salacted fro« aathyl and athyl 
(aspacially aathyl) ; and r and p aach stand for Intagara 
such that r and p aach auat hava a valua of at laast ona, 
Mlactad indapandanfcly, and tha sub of r ♦ p is a 
nuabar froa two to X2 incluslvs. 

For any of tha R groups iiatad in 'or^ulaa I through 
V, any carbon atoa (a) attached to the nitrogen or 
phosphorous, (fc) adjacent to nitrogen or phoaphocous or 
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(c) MXt adjacent to th« nitrogen, may also b« aubatltuted 
by one or more electron withdrawing groups such as 
chlorine, fluorine, CH,F and C?,, provided that chlorine and 
fluorine are not attached to the nitrogen or phosphorous. 
5 Such coapounds would include those having only one 
electron-withdrawing group as well as those with sultiple 
substitutions with such groups. Sxaaples of those having 
■ultiple electron^wlthdrawing groups include the following 
wherein each of the Y designations iitdlcates sites where 
10 electron withdrawing groups such as the ones described 
above aay be used: ' 



(a 



:ospounds of Poraula lA: 



15 



20 



Remainder 



of 



Y' 



-R» 



Formula lA 



wherein R', R*, R» and R* have the meanings described for 
Formula I, and each of the Y substituents are independently 
25 selected from the group consisting of chlorine, fluorine, 

CHjF and CF,; 
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(b) compounds of Formula I in which at least ons of 
R*. R* and R* is independently selected from the group 
consisting of CH^F and CF,; 

(c) coapoujids of Formula II in which at least one of 
5 R^, R*» and R** is independently selected from the group 

consisting of CH,F and CF,; and 

(d) compounds of Formula IV in which at least one of 
R'*-r" is selected from the group consisting of chlorine, 
fluorine, CH,F and CF,. Octadecyltrimethylamonium bromide 

10 and cetyltrl-methylammonium bromide are particular examples 

of quaternary ammonium compounds which are useful in 

practicing the invention. 

The quaternary or alJcoxylated compounds may be added 

at any stage prior to or at the same time that the treating 
15 agent is added. The amounts and methods of adding such 

quaternary ammonium compounds or alXoxyalted amines are as 

follows. 



The addition of at least one quaternary compound of 
20 the Formulae described above is accomplished by one of the 
following methods: 

(a) Quaternary compound is added to the treating 
solution - 



25 



(1) The quaternary compound is dissolved in 
water at a level of from 1 to 50 percent 
based on the weight of the treating aqcnt 
to be used. 
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(2) The pH ia ad jus tad to 10 with NaOH or Na^COj. 

(3) The treating agent is added to the 
solution (and dissolved if a solid) . 

(b) Quaternary compound is blended with the 
5 treating agent - 

(1) At least one quaternary compound is mixed 
with the selected treating agent in a ratio 
of fro» about l percent to about 50 percent 
based on the weight of the treating agent 

10 used. 

(2) The blended sixture i^ then added to the 
pulp slurry which has been preiMiriKl as 
described above. 

(c) Quaternary compound is added at the same time the 
iS treating agent is added - 

(1) At least one quatemaxry compound is added to 
the pulp slurry which has been prepared as 
described above. 

(2) The addition of the quaternary' compound is 
done at about the same time the treating 
agent is added to the pulp slurry. 

The addition levels of quaternary compound are in the 
range of 1 to 50 percent based on the weight of the 
treating agent used. For one ton of fiber (oven-dried 
25 basis), this means that about 5-40 pounds (2.3 - 18.;.: kg) 
are used. 



20 
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Por example, the addition of the alXoxylated asine aay 
be accomplished by one of the following aethods: 

(a) An aaina conpovmd of Formula VI or Vll is added 
5 to the treating agent solution - 

(1) The aaine coapound is dissolved in water. 

(2) The pH is adjusted to 10 with NaOH or NSjCOj. 

(3) The treating agent is added and dissolved. 

(b) An aaine coapound of Foraula VI or VI l is blended 
10 with the treating agent - 

(1) At least one aaine coapound is alxed with 
the selected treating agent. 

(2) The blended aixture is then added to the 
pulp slurry which has been prepared as 

iS described above. 

(c) An aaine coapound of Foraula VI or VII is added 
at the same time the treating agent is added - 

(1) At least one aaine coapound is added to the 
pulp slurry which has been prepared as 

20 described above. 

(2) The addition of the aaine coapound is done 
at about the same tiae the treating 

agent is added to the pulp slurry. 
The aaount of aaine coapound added is froa about 5 
25 pounds (2.3 kilograms) (0.25 percent addition level) to 
about 20 pounds (9.1 kilograms) (1.0 percent addition 
lei/el) p«r ton of dry fiber content with: 
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(a) 2-60 pounds (.91 - 27.2 kg) of hydrosulf Ite; 

(b) 2-60 pounds (.91 - 27.2 kg) of FAS; 

(c) 2-60 pounds (.91 - 27.2 kg) of sulfoxylate. 
Quaternary asuaonluB compounds as described above May 

5 b« obtained as follows. 

The compounds of Pomulae I, ii and III where Z - 
nitrogen say b« aad* by aethods well kno%m to those skilled 
in the art such as by alkylation of a tertiary anlne, or 
soBStisss purchased conercially. 
JO For compounds of Fomula I where Z - phosphorous, soas 

of these coapounda aay b« purchased coaaercially. Others 
may b« aads by aethods known to those skilled in ths art. 
For exaaple, the aethods describsd in Organic Reactiona . 
Volxiae 14 (John Wiley « Sons, inc. 1987) at pages 388-393 
15 (incorporated by reference herein) describ* juch asthods, 
•xcspt that the appropriate trialkylphosphine would b« used 
instead of the triphenyl material described. 

The compounds of Foraula rv aay b« aade in the same 
manner as compounds of 'oraulae I and II except that the 
20 starting material is pyridine or a s'ibstituted pyridine. 
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The compounds of Fonula V nay bm aada by reacting a 
primary alcohol of formula R^-OH with a quaternary amine 
propyl epoxide of Formula VI: 

Formula VI 

under allcaline conditions. The reaction scheme is as 

follows: 

alcohol + epoxide 40* c/HaO H/DH»i()^ Compound of Formula V 

It is also to be noted that in selecting quaternary 
compounds to be used in this invention, mixtures of 
quaternary conpcunds may be used. These mixtures may be 
made by blending different quaternary compounds together or 
may be found in the products itself. Synthetic or natural 
materials may be used. For example, for the longer chain 
alkyl groups, a mixture of chain lengths such as may be 
found in the chain distribution naturally occurring in 
materials such as tallov, lard, soybean, coconut, tall oils 
and products from petroleum cracking towers may be used. 
Additionally, synthetic fatty materials may also be used 
when compounds having a specific chain length are desired. 
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In general, fats nay be saponified, the reaction 
products sXlmaed off and acidified* The fatty acid thus 
fomed may be subjected to an aaination reaction such as 
the Schmidt reaction to !ora the quaternary compound. (h 
description of the Schmidt reaction may be found in C. R. 
Holler, Textbook of Organic Chemistry (W. B. Saunders Co., 
1966) at page 224, incorporated by reference herein. 

The selected alkoxylated amines may be obtained as 
follows. 

The compounds of Formulae VI and VII may be made by 
methods well known to thos^y skilled in the art or sometijMS 
purchased commercially. Such methods include heating (if 
it is a solid) the appropriate alkyl amine cr natural 
miactures such as tallow or coco amine until it becomes a 
liquid and then adding sodixui hydroxide at a level of about 
0.1% baaed on the weight of the amine. Ethylene oxide or 
propylene oxide is then added in an ethoxylation or 
propoxylation reaction to form the desired compoiuid of 
Formula VT or VII. 

Strength is conveniently measured in terms of tensile 
tests and tear tests. In general, the process of this 
invention may be practiced to give increases of ov#r 9% 
for tensile strength and increases of 25 to 35% for tear 
strength. Note that Breaking Length « 3658 (tensile 
strength/mass per unit area) * 
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Handsheets were prepared in accordance with Technical 
Association of Pulp and Paper Industry (TAPPI) Standard 
5 Method T 205 om-88 (incorporated by reference in its 
entirety herein) except that instead of ,3% consistency in 
Section 7,I.2, .2% conslstemTy was us«d in accordance with 
note 3 of 7.1.2 to sake th«i hajxisheete. Test sp^cisens 
were prepared froa these hajxlsheets using TAPPI Standard 
10 Method T 220 oa-88 Incorporated by reference In its 
entirety herein. The tensile test was performed according 
to TAPPI Standard Method T 494 om-88 incorx>orated by 
reference in its entirety herein. This T 494 sethod is 
used to evaluate the tensile breaking properties of paper 
15 and pap^rboard using constant rate of elongation apparatus 
(Instron 4301) • Tensile strength is measured in kilo- 
newtons per meter (kN/s) . Breaking length is calculated 
fro» the tensile strength, and is defined as the length in 
meters of a strip of paper one inch wide which, when 
20 suspended vertically by one end, will bre^k from its own 
weight. The control v^s handsheets prepared by the sajae 
TAPPI methods described in this paragra;>h, but which were 
not treated with any hydrosul f ite. All of the TAPPI 
Standard Methods oescribed in 'ihis paragraph are 
25 incorporated by referencj in t^eir entirety herein. 
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Test specimens wer« prepared as described under the 
description of Tenail* Test using TAPPI Standard Method T 
5 205 o»-88 (vith .2% consistency) and TAPPI Standard Method 
T 220 oii-3«. Tear tests vere p«rtor»ed according to TAPPI 
Standard Method T 414 ob-88 incorporated by reference in 
its entirety herein. This procedure aeasures the internal 
tearing resistance of paper using en Plmendorf type 
10 apparatus (TMl 83-11-00 fros Testing Machines Incorporated, 
AMityvills, Mev York). The control vas handsheets prepared 
by the ease TAPPI methods described In this paragraph, but 
which vere not treated with any hydrosulf ite. 
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The following Exaaples are illustrative of the 
invention but should not be construed as lisitations 
thereon. Unless othenvlse indicated, all cheaical symbols 
and abbreviations (si. g, Jcg. and so forth) have their 
usual and custoaary aeaninq* and teaperaturas are in 
degrees Centigrade. Unlaaa otherwise indic»ted, all 
p<'rcents are weight percents. The percent of hydrosulf ite 
uaed is based on the oven-dried weight of the pulp. 

25 
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- TCr softwood )craft pulp treated with oxygen, 
chelate and hydrogen peroxide (not essarily in that 
order) and having an International Organization of 
Standardization (ISO) brightness of 68%. 

zZ • TCF softwood )craft pulp treated with oxygen, 
chelate and hydrogen peroxide (not necessarily in that 
order) and having an ISO brightness of 78%. 

zl - TCF softwood kraft pulp treated with oxygen, 
chelate and hydrogen peroxide (not necessarily in that 
a order) and having an ISO brightness of 65%. 

jzl " Pulp was Bade froa colored ledger waste papor. 
To 2.27 kg (5 lb) of colored broke was added 20.7 liters of 
water at 65 degrees C in a lab pulper (Adirondack Machine 
Company, Glen Falls, New York). Repulping was carried out 
\ over a period of 15 ninutes. 



EXAKPLE 1 
(BlanX) 

A saaple of Pulp 1-1 was used to make 5 handsheets 
according to TAPPI Standard Method T 205 om-8 8 and tensile 
strips were made according to TAPPI Standard Method T 220 
om-88, except that tha pulp was diluted to .85% and 
disintegrated for 43,850 revolutions. In accordance with 
note 8 of Method T 205, after disintegration, the pulp was 
diluted to .2% for preparation of the physical test 
handsheets. The tsnsila strength and breaking length 
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valu«6 wor« obtained in accordanca vi^Jl TAPPI Standard 
Method T <94 ob-88 and the values are recorded in Table I. 
These values represent the average of 9 tests* 

5 EXAMPLE 2 

(AP Treataent) 
A s.uiplo of Pulp !•! vas treated with an acid v i (A) 
folloved by a hydrogen peroxide stage (P) . In the acid 
vash the consistency of the pulp vas adjust4K! to 3% with a 

0 2.0% sulfuric acid (160 g of oven-Uried pulp diluted vith 
5173 al of 2% sulfuric acid) and allowed to stir for 30 
vinutes at room teaperature (25 degrees C) . \fter the 30 
ainutes, the pulp was dewatered to a consistency of 15-20% 
using a 200 aesh Aaarican Standard Test Method (ASTM) sieve 

5 with 172-207 )cPa (25-30 lb) of pressure, and trashed once 
with 5 liters of delonized water. The consistency of the 
pulp was then adjusted to 12% with deionized water for the 
peroxidii stage. The P stage was carried out at 80 degrees 
Celsius at an ending consistency of 10%, and a retention 

3 tiae of 90 sinates. All 155 g of oven-dried pulp were 
bleached in a single plastic bag. Heating was achieved 
with a not water bath, and stirring was accoaplished in a 
Hobart Planetary Action Mixer. Bleac^i solution (60 al 
containing 2.5% hydrogen peroxide, 1.0% scdiua hydroxide, 

1 .5% diethylenetriaainepentaacetic acla (DTPA) and 3% sodiua 
silicate was slowly added usinc a 60 ml syringo. Aftei the 
bleacn solution was added 198 al of deionizad water waf« 
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aided to bring the pulp to a consistency of 10\. Ths pulp 
was then placed back into t.*\e hot water oath. ^fter a 
retention tiae of 90 ainutes, residual hyc!rc<5en p-jroxide 
was reaoved by the addition of sulfurcus acid t.-^ a pH of 
5 4.5. Hydrogen peroxide reaoval was confiraed by using 
■Baker Test Strips for Hydrcgen Peroxide- froa J. T. lHakci 
Incorporated. The pulp was stored at 5 degrees C until 
physical testing vas begun. Five bandsheets vere made froa 
tills pulp using the procedure described In Rxaaple 1. The 
10 tensile strength and breaking length value In T«^le i are 
the average of 8 tests. 

EXAKPLK 2 

15 A s&aple of Pulp 1-1 was treated with an acid wash and 

a hydrogen peroxide atagn as described in £x«ple 2. 
Following this AP treatment, the pulp vas treated with a 
hydro&ulf ite/McOH excr«ct ion/'aydrosul f its sequence (aisc 
called a YEY sequence where Y-soaiua hydrcsulflte and E- 

20 MaOH ex^craction) . The Y stages vere conducted in a Ouan::» 
Hich Shear Mixer, acdel Mark IV Tor tr»e first Y stago 
the pulp (77.5 g oven-dr.cd pulp) was diluted to 51 
consistency with daionii*d watar. T!jis 51 pulp slurry was 
then preheated to 80 degre«fi» c xn the 2 lit*^r bowl of the 

25 Quantua aixrr. The pH of this pulp of co.isistenc>- was 
then ad}u!.trd ro 5.5 by addirrq dilute sulfuriv: acid wi'^J^ a 
syrinq« L^.ouqh tno bcvl zcver septua. A vacjua '.'as ttien 
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pulled cn ihd bovl foe 30 s-ecorida. Aft^r 30 oeconJs of 
v.tcuoa, chii displ&CAd rlr v^^ replaced by nitrogen gaa. 
rhla licquer.ce vas repeated 3-5 tliea to reaove all oxyjen 
trapped in tjio pulp slurry* After tiie final vacuux, rnouqh 
5 nitrogen gas van added to the bovl to meintain a elightly 
foeitlve preejure throughout the retention ti*e of four 
hour*. foliowi:>g the finul addition c? nitrogen gae, 20 ml 
of .75* eodiuB hydrosulfite (bajed on the ovwi-dried weight 
of the pulp) v^s add^d a eolation (iO ml volume). 
0 During the addition of the eodiuji hydroeulf it<\ bleach 
solution, tile pulp i/ae aiii^d ar 15 Hertr (600 revolutlc^e 
per ainute v'rp«)> for 3 0 eeconde. Aftar thle al^cinq vae 
finished che pulp was then slxed for 0 lecordtf at 60 Kertz 
(2400 rp«) . N^xt t>e pulp ves eix*d at 15 Hertz Zor 4 
5 3#coiios every alnute during the entir-* retent.lon tlae. 
After i 4 hour retention ti»e, the pulp was reaoved froa 
tho bOffl for a NaOH extraction stage. The NaOH eatraction 
(B stage) was periora**U by adjusting the pfc t>:^ pul? to 
12.0 using lOV M^OK soluticn. Th-? resulting pulp siurry 
was aixttd at rooa tenp^rature (25 degrees C) fcr 30 
ainuteit. Aftei 30 alriUta^, the P^lp was dewat^^red to a 
coneistency of ir-2C^ using a 200 a«sh ASTM sieve and a 
vacuua. llie puip v^e then vaahexl by adding 1300 al of 
dsicni.ed w^t ir arc Tixins the slurry for ^ .linutes. TT.e 
pulp wts then daw::t:ored a.n doacrlted above. The second 
sodiu;- hycircsul f 1 te stage was perf^^nn^d using the s\\a^ 
procedure aa dcsc-rc-^d for thj flrsn Y atagj. A ^e^a^ule of 

-26- 
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pulp (67 g of oven-<?ried pulp dilutee: to 5% con8lst«!»cy 
with deionized water) was adjusted to a pH of 11.0 by 
adding 10* NaOH. The resulting slurry wa» then trected as 
described above to raaove the entrained ox; len ami a II 
5 solution of sodiuv hydroeulfit- was added. The retention 
ti»i for thie second Y st»ge was 15 hours. All other 
conditions were the same ar. described for the first Y stage 
of this Exaapli. The pulp was utorod at 5 dAgraes C until 
physical testing was beg'jji. rive hoJvUheets were Mde amt 
10 data was collected as described in JExaaple 1. The data is 
rscord^d in Table I and r«pr«««nt» thm average of 9 taat^. 

SXAKPLE 4 
(BlarJc) 

15 Tvanty handshaftts v«r« aada froa a sajipla of Pulp 1-2 

(1.2 q ovan-drled pulp/handshaet) as racaivad fro» the miW 
ualng TAPPI Standard Method T 205 o«-88 and to:i«»ile teat 
utripn were made according to TAPPI Scandarri Mothod 220 ca- 
SB. In ^Accordance with note 3 of TAPPI Standard ^(ethod T 

20 205 oa-se, after claintagration the pulp yaa diJutiK! to .2% 
conalfltancy for prep^^ration of the phyeicai tast 
hcndaheactf. The t^n^ile strength and breaking length 
-/Aluaa In Table 1 rapr«ff«nts che rverag^ of 36 te^ta which 
were done on 20 handih^eta. 
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EXAMPLE 5 
(Y Treatment) 

A sample of Pulp 1-2 was treated with sodium 
hydrosulfite according to the following procedure. Pulp 
5 (12 g oven-dried pulp diluted to 3% consistency with 
deionixed water) was allowed to stand for 15 hours. The 
puxp slurry was then disintegrated for 15,000 revolutions 
at room temp«rature. The consistency of the pulp was 
adjusted to 3.5% by reiiovlng 57 ml cf water. The resulting 
0 pulp slurry was placed in a 500 ml wide mouth polypropylene 
bleaching bottle. Th* bottle was heated to 73 degree* c 
using a hot water bath. The bottle was then transferred to 
a deaeration station equipp^ with vacuum and nitrogen 
supply. The pulp was deaerated by alternately subjecting 
S the bottle to a vacuiom and then flushing the bottle with 
nitrogen. This process was repeated three tlses. Each 
bottle was then moved to a mixing station consisting of a 
r\ii;ber stopper attached to a ring stand through wiilch 
stopper was mounted an overhead variable speod mixer, a pH 
prob«, and a nitrogen line. The r\ibb«r stopper also 
contained an op«tnlng through which bleacl* could be ac'ded 
with s syringe. Mixing was started and th« pH was adjusted 
to the deeired pH of 8.0 with .1 M sodium hydrox.Mo ak 
required. Sodium hyirosulfite (1.3% based on weight of 
oven-dried pulp) was then added as a solution by bujet. 
After mixing for 3 a;:Rutes and subjectir.g it to dnothrr 
vacuuVnit^o^Jan seq^^^epca, the bottlo was r^cappe.l and 
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returned to the hot water bath for a 113 »lnute retention 
time. The pulp was then renoved from the water bath. 
Handsheets from this pulp slurry we>'e made according to 
TAPPI Standard Method T 203 om-as. Tensile specia^ns were 
mad^ according to TAPPI Standard Method T a:iO om-88. The 
tensile test was done according to TAPPI Standard Method T 
4 94 om-88. The data is recorded in Table I and is the 
average of 10 tests done on 5 handsheets* 



A sample of Pulp 1-2 was treat;fd with sodium 
hydroaulfite according to the following procedure. Pulp 
(12 g oven-dried pulp diluted to 3% consistency with 
deionized water) was allowed to stand for 15 hours. The 
pulp slurry' was then disintegrated for 15,000 revolutions 
at room temperature. The consistency of the pulp vas 
adjusted to 3.5% by removing 57 ml of water, Tlie resulting 
pulp slurry was placed in a 500 ml wide mouth polypropylene 
bleaching bottle. i.'he bottle was heated to €8 d'^rees C 
using a not water bath. The bottls was then tranaf-irred to 
a deaeratior station equipp^ with vacuui* and nitrogen 
supply. The pulp was deacrated by alternately subjecting 
the bottle to a vacuvui and than flushing the bottle with 
nitrcien. Thlri pjoces^ wns repeated thr^e times. Each 
bottla wai thon !Bcvsd to a mixing station consisting of a 
rx^hbor stopp^ir attcichaj to a ring stand through wnich 
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stopper vau counted an overhead variable speed aixer, a pH 
proh^, and a nitrogen line. The rubber stopper also 
contained an opening through which bleach could be added 
with a syringe. Mixing was started and the pH was adjusted 
5 to 9.0 with .1 N sodluji hydroxide as required. Sodlua 
hydrosulfltj (.9% based on weight of oven-dried pulp) was 
then added by buret. A^ter aixing for 3 alnutee and 
siibjecting it to another vacuum/nitrogen sequence, th» 
bottle was recapped and returned to the hot water bath for 
10 a 146 Binute retention tiae. The pulp was then removed 
fro* the water bath. Handsheets frc» this pulp slurry wn-e 
■»".de according to TAPPI standard Method T 205 om-88. 
Tensile speclaens were ne.dm according to TAPPI Standard 
Metliod T 220 OB-88. The tensile test was done according to 
15 TAPPI Standard Method T 494 os-88. The data Is recorded In 
Tahle I and is the average of 10 teets done on 5 
handsheets. 



EXAKPLS 7 

20 (Blank) 

A saaple of Pulp 2-1 was used to aaJce handsheets in 
accordance with TAPPI Standard Method T 205 o»-88 and 
tensile test strips according to TAPPI Standard K«thod T 
220 oa-88 except that the pulp was diluted to a coMistency 

25 or .35% and was dia integrated for 4 3,350 revolutions. In 
accordance with ncto 8 of TAPPI Standard Method V 205 oa- 
88, after disintegration the p'llp wa« diluted to .2* 
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consistency for preparation of the physical teat 
handsheets. The tensile strength and breaking length data 
are recorded in Table I and the data represents the average 
of 9 testa done on 5 handsheets. 



EXAHPIJE 8 
(APEYWY Treataent) 
A saaple of Pulp 2-1 vas treated Mith an acid wash 
followed by a hydrogen peroxide stage. In the acid va»h 
10 the consistency of the pclp vas adjusted to 5% with a 2.0% 
sulfuric acid solution (103 g of oven-dried pulp at 12.4% 
consistency vas diluted vitft 1256 ml of 2% sulfuric acid) 
and the aixture vas stirred for 3 0 sinuces at roo« 
temperature (23 degrees C) . The pulp vas then dewatered to 
15 ^ consistency of 15-20% using a 200 aesh ASTM sieve vith 
172-207 kPa (25-30 lb) of pressure, and vashed once vith 2 
liters of deionize<S warer. The consistency rt the pulp vas 
then adjusted to 12 • vith deionizad water for the hydrogen 
roxide stage. The P stage vas carried out at 80 degrees 
0 Celsijs, at for a retention tiae of 90 minutes. The final 
consistency was 10%. A saaple of the pulp (95 g oven-dried 
weight) was divided into 2 parts (4.7.5 g each) and placed 
into plastic bags. The bags were preheated to a 
ts.«peraturo of 80 degreos C with a hot water bath. Each 
^ bag vas then ^aptied individually into the bovl of a Hobart 
Planetary Action Mixer K-50 {HcLarc Corporation, Trey, 
Ohio) and Bixfed vith 70 n] of bleach solution containing 
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2.5% hydrcvg«n peroxide, l.OI NaOH, .5% OTPA and 31 sodlim 
silicate. The addition of these naterial waa accomplished 
slowly with a 60 ml syringe. After the bleach solution was 
added 9.2 ml of deionized water was added to each bag to 
bring the pulp to a 10% consistency. After eixing, the 
solutions were placed back into the bags and the bags were 
placm: b«cX into the water bath. After a retention time of 
90 ainutes, residual hydrogen peroxide was removed by the 
addition of sulfurous acid sufficient to obtain a pH of 
4.5, Hydrogen peroxide removal was confirmed using the 
Q^kmr t««t strips dsacribsd in Bxaapls 2. Thm pulp vas 
storsd at 5 dsgreos C until physical tsstin^ vas b«gixn. 
\ftfr ths P stage ths saaplss vsrs combinsd and a ZYWY 
ssqusncs vas ussd to trsat ths saapls (vhsrs B and Y havs 
bssn prsviously dsfinsd and W • washing stsp. For ths 
first Y stags ths pulp (81 g ovsn-drisd basis) vas diluted 
to S% consistoncy with dsionizsd watsr. This pulp slurry 
was Ihmn prshaatsd tc so degrses C in ths 2 lltsr bowl o? 
a Quantua Mixar. Ths pK of this hot slurry was then 
adjusted to 10.0 by adding dilute NaOH through the septuM 
covering the bowl. A vacuum was then pulled on the bowl 
for 30 seconds. Next, the displaced air was roplac^c^ by 
nitrogen gas. This sequence was repeated 3-5 times tc 
remove all oxygen trapped in the pulp slurr/. Afts*- the 
final vacuum, enough nitrog'ia gas added, to maintain 

9lif;htly p>Or;itive pre.';£,uro throughout the retention tlae ot 
2 hours to prevent air from re-entering ^Jie *x3vV. 



••32 



« 



DC-1291 

Following th« ^inal addition of nitrogen gas, aodiua 
hydrosclfite (.75% by weight based on the oven-dried weight 
of poip) was added as a solution (20 ul vcliue) using the 
nixing procedure describe in Example 3. After a 2 hour 
5 retention time the pulp was reaoved froa the towl for the 
washing stage. In the W stage, 67 g of oven-dried pulp was 
diluted to 5% consistency with deionlzed water. The pulp 
was then dewatered to 15-20% consistency using a 200 aesh 
ASTM sieve. This dilution/dewatering sequence was repeated 
10 twice. Next the second Y stage was perforaed using the 
sane procedure described above for the first Y stage. The 
pulp was then stored at 5 degrees C until physical testing 
was b«gun. Hardsheats were sade with the pulp according to 
TAPPI Standard Methcd T 20S oa-88 and temiiie streng-th 
15 strip* were sade according to TAPPI Standard Method T 220 
oa-as. The procedure was slightly altered, however, so 
that the pulp wan diluted to a co.islotency of .81% and 
disintegrated for 43,850 revolutions. In accordance with 
note 8 of the T 205 aethod, after disintegration th#» pulp 
20 WAS diluted to .2% for preparation of the physical test 
handsheets. The breaking length and tensile strength data 
are recorded in Tablo I and represents the average of 9 
t4sts dona on 5 handsheets. 

25 
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EXAMPLE 9 

(Blank) 

A sample oi Pulp 3-1 was used to make handsheato using 
TAPPI Standard Method T 205 om-88. Tensile specimens were 
5 laade using TAPPI Standard Method T 220 oa-88 and tensile 
testing v&s done using TAPPI Standard Method T 49^ ob-88. 
Breaking length data is recorded In Table I. The data is 
the average of 6 testu done on 3 handsheets. 

0 EXAMPLE 10 

(Y Treatment) 

Palp 3-1 (15 g oven-dried fiber diluted to 4t 
consistency) was placed in a 5oO wa wide aouth 
polypropylene bottle. The bottle was heated to -55.5 
degrees C using \ hot water bath. The bottle '^as then 
transferred tc a d^deration station equipped witli vacuua 
and a nitrogen supply. The pulp wau dcaerated by 
alternating between -subjecting the bottles to vacuun and 
then flushing th% bottles with nitrogen. This process was 
rep^iated three tiaes* The bottle was then soved to a 
:iixing station consisting of a rubber stopper attached to 
a ring stana through whicf« stopper was sounted an overhead 
variable speed sixer, a pH probe . .d a nitrogen line. The 
rubber stopper also contained an opening through which 
bleach could be added with a syringe. fixing was started 
and t'le wa:* adjv:sted to the desired pH of 7.0 with .1 N 
Nf.OH or .1 N sulfuric acid as required. Sodlua 
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hydrosulfite (1.5% by weight based on the oven-dried weic'-t 
of th« pulp) vas then added as a solution (10 ml voluae) by 
syringe. Stirring was continued for 3 ainutes, after which 
each bottle was recapped anc returned to the not water bath 
5 for one hour. Th« pulp was thsn raaoved fro» ths water 
bath. Handsheet* froa tiiis pulp slurry wera Bade using the 
pro<jedure describe in TAPPI Standard Kathod T 205 o»-88. 
Tensile speciaens wers aad« according co TAPPI Standard 
Method T 220 oa-83 and tensile testing was done using TAPPI 
10 Standard Method T 49* oa-88. The data for hraaXing length 
Is racordad in Table I. This process was repeated 6 tl^as 
and the data in Table I is tha average of 63 tests. 

EXAMPLS 11 

15 (Y Traataent with OctadacyltriBethylaMsoniuji Broaide) 

The procedure of Exaaple 10 was repeated except that 
octadecyltrisethylamoniua broside (.75% by weight based on 
the weight of oven-dried pulp) was added as a solution (10 
al voluae) to tha pulp slurry just prior to the addition of 

20 sodiua hydrosulfite. Handsheets war* aade and testing was 
dona as described in Exaaple 10. The procedure was 
repeated 2 tiaes. The data is recorded in Table I and 
represents the average of 10 tests. 
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EXAMPLE 12 

(Y Tr««ta«nt with CatyltriMthylaaaoniua Bro.id.) 
Th« procedur. dascribed in Exaapl. ii vaa rap«ated 
•xcapt that catyltriMthylaMonlia broalda (.751 by weight 
5 based on tha vaight .of ovan-driad pulp) vaa added as a 
solution (10 ml vol^xm^) vas used Instead of the octadecyl- 
tri«ethylaMonlu» bro.lda. The procedure vas repeated 6 
tl«es. The data Is recorded in Table I and represents the 
average of b2 aanples. 

10 
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TABLE I 



Tensile Test Results 
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EXAKPLES 13-17 
(Tear Strength) 
Pulps 1-1 and 1-2 were evaluated for t«ar strergth. 
These pulpe vere bleached using siailar TCF sequences as 
5 described in the deiriniticne of ti.e pulp above. All pulps 
were stored at a te»perature of o degrees c b««tveen 
treatment and testing for tear strength unless othervise 
indicated. Am usual all percentages are based on weight of 
oven -dried pulp unless othervise noted. 



EXAMPLS 13 

(Blank) 

A sasple of Pjlp 1-1 was used to make 15 handsheets 
using TAPPI Standard Method T 205 oa-88 and tear test 
strips were Made using TAPPI Standard Method T 220 o»-88. 
In accordance with note 8 of the T 205 method, after 
disintegration th* pulp was diluted to a consistency of .2% 
for preparation of the physical teat handsheets. The tear 
strengtn data is recorded in TaMe II. The dat« is the 
average of 3 0 teeta on these handsheets. 



ZXAKPLB 14 
(Y Treatment) 

A sample of p->l^ i-i as received from ♦ mill (95» 
consistency) was diluted to 2% conaistenc-/ with deionized 
water and put into .i ref ri'.erator c-.a.-night. The pulp was 
then disintegrated at rcoa temperature (25 degrees C) for 



-38 



DC-1291 

15 ainuttts at 27,000 revolutions p«r Binuta. Water (6100 
■ 1) vaa than raaoved froa tha pulp csing a 200 ■as.'i ASTM 
sieva to adjust tha consistancy to 1.5%. Pulp (15 q ovan- 
drled dliut-kl to 3.5% conalatency) was put into a 500 ml 
5 polyp^opyl«na bottla. Tha p--.lp was prahaatad to a 
ta»paraturo of 55 da^raas C in a hot watar bath. Aftar 
prahaatlng vaa cosplatad a vacuum w&s than pullad cn tha 
bottla to raaova any trappad air 'lUa diaplacad air vas 
then replaced by nitrogen ga». This ee^juence vea reptiet^d 
) 3 tiaee to reaove ell oxygen trappjHl in the pulp slurry. 
The pulp vas then placed In tne bleaching apparatus 
described in Example 10 with a aechanical stirrer. A 
constant flov of nitroger gas vas maintained over the pulp 
in the bottle throughout the retention time of 4 4 minutes 
5 to insure -Jiat no air vculd re-enter the bottle. The pH of 
this hot :.5% pulp vas then adjusted to 9 1 by adding 
dilate NaOH. Sodium hydrosulfice vas added (.6% by velghc 
baaed on the oven-dried weight of the pulp) vaa addad by 
buret as a solution vith constant vigorous aixi'>g. After 
) a retention time of 44 mlnotes the pulp vas removed from 
the vater bath. The pnip vas cooloi and stored at 5 
oegrees C ijitil physi::al tasting vas L>egun. Handaheets 
vers mad^ with this pulp usln<; TA?PI ^Standard Method T 205 
om-aa and '.aar test straps verc m^de cmina TAPPI Standard 
Method T 220 oa-^C. In a.-corda;:c^ vitih net© of the T 205 
fflathod, dftar d is i n tec ra t ; - n , tha pulp vas diluted to ^ 
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conalat.ncy of .3% for preparation of tha phynlcal t««t 
handsheets. The tear strength data la recorded In Tftbl« 
:r. The data la the average of 10 testa on 5 handsneeta. 



' EXAKPr^ 15 

(Y Treataent) 

A sample of Pulp 1-1 aa received fro» a bIH {95< 
conaiatency) was diluted to 21 conaiatency vlth deionlzed 
water and put into a refrigerator ovsmight. The pulp vaa 
0 then die Integrated at rooa teaperature (25 degrees C) for 
15 alnutes at 27,000 revolutions per alnute. Water («100 
■1) vaa then reaoved froa tne pulp ualng a 100 aeah ASTK 
sieve to adjust the consistency tc 3.5%. Pulp (15 g oven- 
dried diluted to 3.5% consistency) vas put Into a 500 ml 
J polypropylene bottle. The pulp vaa preheated to a 
temperature of 75.3 degrees C in a hot vater bath. After 
prehsatlng vaa co.pieted a vacuua vas then pulled on the 
•mottle to remove any trapped air. The displaced air vas 
then replaced by nitrogen gas. This sequence vas repeated 
3 ti^es to reaov. all oxygen trapped in i:he pulp slvrry. 
The pulp vas then placed in the bleaching apparatus 
described .n Sxaaple lo with a seohanieal stirrar. A 
constant flow of nitr.vgen gas vaa aalntained ov.r the pulp 
in the bottle throughout the retention tiiut of 21 ainutea 
CO insure that no air would rt-eiter the b-jttle. The pH of 
this n3t 3.5% oulp vaa tn*.-. adju*t*d to 9.1 by adding 
dilut* NaOH. SodiujB hydrosuxfit. woight percent 
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b«s«d on th. oven-drl«d weight of th« pulp) wa, add«d by 
bur«t as a solution with constant vigorous Mixing. After 
a retention tim« of 21 mlnutss ths pulp was r«Mv«d frua 
ths watsr bath. Ths pulp was coolsd and storsd at 5 
5 dsqrs*. c until physical t.sting v.. b#gun. Handsh.ets 
wsra mads with this pulp using TAPPI Standard Hsthod T 205 
0.-88 and tear ts.t strips vsrs mads using TAPPI Standard 
K.uhod T 220 o«-88. In accordance with nots S of ths T 205 
■sthcd, after disintegration, ths puip vas dilutsd to a 
0 consistency of .2% for preparation of the phyMcal test 
handshsets. The tear strsngrh data Is rscorded In Table 
II. The data is the avsrage of 11 tests on 3 handsheets. 



EXAMPLE 16 

(BlanX) 

A saapls of Pulp i-2 vas processed as described in 
Exaapls 4 . Tear strength vas svaluated as described in the 
TAPPI eethous described above. The data is recorded in 
Table II. 



EX.\XFLE 17 
(Y Traatjient) 

A sanpls Of Pulp 1-2 vaa processed as iaacribed in 
ExAjcpls 6. Tsar strength vas avalusted as <Ja*crib^ in the 
T^PPI Bathods deacrib*^. Abov*. The data is recorded it: 
Table II, 
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TABLS II 
Tear Strength 



Exanple 



10 



1 I^lp 


Saaple 


Average Tear (»N) 


Pulp 1-1 


Blank 


697.5 


Pul 


p 1-1 


Y Tr— t»ent 


886.8 


Pttl 


p 1-1 


Y Tr— taent 


936.5 j 


Pul 


P 1-a 


BlmX 


eao.3 1 


Pul] 


p 1-2 


Y Treat— nt 


1143.8 
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THE EMBODIMENTS Or THE IN^yENTION IN VmiCH AN EXCLCSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 



1. 



2. 



3. 



5. 



A aethod for increasing th. phy.ical strength of 
oxidativsly bleached pulp which ha. been »ade u.ing a 
)u:aft proceee, wherein .aid aethod co.pri«e« treating 
th* pulp as a final .tage with a treating agent 
••lected fro. the gro.'.p consisting of hydrosulf it., 
forMidine .ulfinic acid (FAS), and a .ulfoxylate 
.•lect.d fro» the group con.i.tlng of for««ldehyd. 
•ulfoxylate, ,inc fonwildehyd. .ulfojcylat. and 
acetaldehyde .ulfoxylate, at a l.v.l of .1 - 3.0%: of 
treating agent (based on the oven-dried weight of the 
pulp) , at a teaperaturfl of 50 - 100 degree, c, and a 
pH of 4.5 - 13. 



The .ethod a. claimed in Clai» l, wherein the 
retention ti.e is fro. 30 .inut.. to 6 hour.. 



Th. .«tJ^od a. claimed in clai« l, wharein aaid 
treating agent is hydrosulf ite. 



4. The ..thod as claiaed in Claim l, wherein said 
hydrosulfite is sodlua hydrosulf ite. 



The liethod at claiaed in Claia 3, wharein t^»e pH is 
Mintair.ed between 4.5 and 9.0. 
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6. Tb« »«thod as clalBod in ClaU 3, wh«r«ln thm 
t«ap«ratur« of th« pulp is iialntain*d b«tv«sn 50 and 
95 da^raes C. 

7. Tha Mthod as claiaad in Claia 3, vharain tho doaaga 
of hydroaulfita b« b«tvaan .1 and 3.0% by v«ight. 

8. Tha Mthod as clalaad In Claia 3, vharain tha dosaga 
of hydroaulfita ba b«tvaan .5 and 3.0* by waight. 

9. Tha aathod as claiaad in Claia 7 vharain said 
hydroaulfita is aodlua hydroaulfita, tha Addition 
laval is 1.5 - 3*, tha pH is 7 - 9, tha taaparatura la 
80 - 95 dagraao c, and tha ratantion tiao ia 2 - 4 
houra. 

10. Tha aathod as claiaad in Claia 1 vharain tha traating 
agant ia sodlua hydroaulfita usad at a laval of .5 - 
1.5 vaight parcant baaad on tho ovan-driad vaight of 
tha pulp, tha pH of tha aolution containing pulp and 
traating agant is 6.0 - 8.0, tha taaparatura of aald 
aolution ia 70 - 80 dagraaa C, and tha ratanticn tiaa 
ia 1 - 2 houra. 

H. Th* aathod as cldiaad in Claia 1, vharain aaid pulp ia 
nalactr>d froa tha group consisting of al«a*ntal 
chioriija fr^a pulp and totally chlorine fraa pulp. 
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2. Tho B«thod aa cUl.ed in CJal. l, wh«r*ln th« tr«ati! 
agant la 8«l«cte<J froa thm group conaiating of 
formaBidlnc aulflnlc acid (PAS), aodius fornaldehyda 
•ulfokyl*it«. zinc for»ald«hyda aulfoxylata and 
ac«tald«ihyd« aul foxy lata. 

I. Tha withod aa clalaad in ClaU i, wharain aaid 
traating agant ia forwmldin* aulfinic acid, tha pH ia 
froB 5.5 - 13.0, tha tasparatur* ia fro« «o - 100 
dagraaa C, and tha ratantlon tlaa ia fro* .5-4 
houra . 



. 'fha Mthod aa claiaad in Clala ll, wharair. aaid pulp 
ia totally chlorine fraa pulp, th« tra&tlng acj«nt la 
hydroaulfita, th« pH la 6.5 - 8.5, tha taaparatura of 
tha pulp ia 80 - 95 dagraaa C, tha doaaga of 
hydroaulfita ia .5 - 1.5% and tha ratantlon tlaa ia 1 
- 4 houra. 

Tha Bathod aa claix^d in Claim 1 wharain said pulp ia 
recyclad kraft color ladgar, tha pa ia Baintairad 
b«tva«n 6.5 and 8.5, tha taaparaturu of tha pulp ia 
tMtvaan 65.0 and 85.0 timgrt^M c, tha doaaga of 

hydroaulfita )a batwaan .5 and 1%, and tha ratantlon 

ti. J is .5 - 1.5 hours. 
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Vh. ..thod a. cUi.^ in C1.1. 1 vhT^m th« 
•olutlon containing pulp and treating ag.nt contain. 

at l«a.t ono waibr aaUcfd fro. tha group con.l.ting 
of: 

(A) a chalata; 

(B) an alkali; and 



(C) 



a quatamary anoniua coapcund aalactad froj 
group conaiating of 



tha 



(I) a quatamary amoniu* coapound aalactad 
group conaiating of 

(a) co^>ounda of Foraula i: 



from tha 




R' 





/onr-jla I 



vharcin: 



ona Of R', Ri, «3 ^ J,, aalactad fro. tha group 
conal.ting of c,,-C^ alkyl and C^-c, aixanyl, vtax.in tha 
«lkyi or alk.„yi optionally contain, on. to three 
•ubatituent. .al.cted fro. ..thyl and .thyl; 
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tha r«Minlng R groups er« each independently u«l«ct.«d 
from the group consisting or C,-C, straig/it ch^in aiJcyl, 
-(C^«0),.H and -(CaH.0)^ where x - a number froa 1 to 4 
inclusive; 

2 is selected from the group consisting of nitrogen 
and phosphorous, preferably nitrogen; and 

X' is selected fro» the group consisting of any 
suitable and convenient anion (for exaaple, X is selected 
froB the group consisting of co, », HCX), ', PC, », HPO/», 

H,i-.\ OH', r\ Br', CI', I'. HSO,', USO, \ SO/«, 30,«, 

SaO* */ CHjCO, ' and CH,SOV')/ 

(b) coapounds of roraula II wherein: 



r 



Forsula II 



wherein: 
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two Of R^', H», R» „^ ^ ind.p.„<l,„tiy 

fro. t^. group consisting of c.-c„ .traight chain al)cyl and 

C,-C„ alkenyi, vh.reln th« alkyl or alk,tnyl optionally 

contain, on. to thr.. .uh.tltu.nt. ..7.ct.d fro. ..thyl and 
•thyl ; 

thm r«ainlng R group, ar. .ach lnd.p.nd.ntly ..l.ct.d 
fro. tii. group con.l.tl„g of c,^, .traight chain alJcyl and 
-(^H.C)^ «nd -(cyi,C)^ vh.r. x - . „u.b«r fro. i to 4 
inclu.lv.; and 

2 ha. tJi. »M ..aning dafin.d und.r For.u3a I. 



(c) ccpound. of Foraula ill: 



P.- 



f 

I 



J 



wherein: 



Formula III 



R\ R', and R* ar. .ach lndep.r.d.ntly ..Uct.d fron 
th. group conal.ting of c,-C,; and 

2 h.^s th. 9aa« meaning as defined for For.ula I; 
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(d) a pyrldlniua salt of Foniul 
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a IV: 




1 



Foniul e IV 



vharain: 



!• ••l.cted frc. tii« group con.l.ting of C„-<:„ 
alJcyl and c„-c„ aDfnyl, vh.r.ln thm alJcyl or alXenyl 
optionally contain, on. to thx.. .ub.tltu^nt. ..l.ctad fro. 
■•thyl and athyl; 

thm remaining R group, ar. .ach Independently .elected 
fro. tH. group con.l.ting of hydrogen, q-C, .tralght chain 
alkyl; and 



X' ha. the 



•axse meaning a. de.crlbed In Formula I; 



(•) compound, of Formula V: 



R^-O-CHj-CHj-CHj-jr-R*- 



L 



J 



Formula V 



vhereln; 
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^ !• ••Uct«d froB th« group consisting of c,-<:„ 
aUcyl and c-c,, alXenyl, vhsrs tha alJcyl and alXanyl 
optionally hava ona to thra. aubstituant. aalactad fro. 
■athyl and athyl; and 

•ach of R»*, R», and R>- ara indapandantly aalactad fro. 
tha group conal.ting of q-C, alkyl, c-c, alkanyl, 
(CH,^-0)^ and (CH,-CH,-CH,^)^ vhara n - a nuabar fro. i 
to 4 li>oluslvtt; 
and 

(D) an alkoxylatad a.in« aalactad fro. atJioxylatad 
a.ina. of Formil. vi and propoxylatad a.ina. of ForWla 



VII: 



romula VI 



R-N 



For^iula VII 
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wa^r.in R** i. « m^u^t of thm group consisting of straight 
chain alJcyl. having B to 22 carbon., optionally having ons 
to thr«« sxibstituenta s#il«ctad from aethyl and athyl; and 
r and p .ach stand for intsgar. such that r and p aach aust 
hava a valua of at Isact on; ara s.lactad indspandsntly, 
and tha s-^ of r + p i. a nt»b«r fro. tvo to 12 inclusivs. 

17. A Mthod as claimad in ClaU 16 wharain for any of tha 
R groups listad in forwilas I through V, any carbon 
ato. (a) attachad to ths nitrogan or phosphorous, (b) 
edjacant to tha nitrogan or phosphorous or (c) nsxt 
adjrtcant to th* nitrog.%n, say also bo substituted by 
at Isast ona alac>ron vlthdrawlng groups aalactad fro» 
tha group consisting of chlorina, fluorina, CH,F and 
cr„ prcvid*»d that chlorin* and fluorina ara not 
attaclad to tha nitrogan or pbosphorous. 



18. Tha .athod as clals.vl in Clai. 16 vharain tha chalata 
Lm aalactad from tha group consisting of athylana- 

dlaainatatracotic acid; sodiur. tripolyphosphata; 
•thylanadiiainatatracatic acid; diathyUnatria.ina- 
pant/icatic acid; M- (hydroxyoathyl ) -athylana- 
dla,.inatrianatic acid; triathanola.ina ; diathylana- 

triasinapanta(sathylan«phosphonic) acid; and 
nitrilctriacatic acid. 
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Th. ■•thod a. cl.U^ In cial. i« vhT.ln tha .ikan 
i« ••l.cfd fro. th. group conal.tlng of .odiu. 
hydroxide, aodlu. carbonaf and calclu. hydroxlda. 



elalaad 



quatamary anonlu. coi,K»und 1. .aiactad fro. th. 
group conaiating of octadacyltrlii.thyl«nK,nlu- 
bro.lda, and catyltrli«thyl.a«oniu. broaW. 

21. A pulp aa .ada by tha aathod of cial. l. 
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